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The Effects of a Prolonged Drought on Southern Steelhead Trout
(Oncorhynchus mykiss) in a Coastal Creek, Los Angeles, California
Rosi Dagit,1∗ Ethan Bell,2 Krista Adamek,1 Jennifer Mongolo,1 Elizabeth Montgomery,1
Nina Trusso,1 and Peter Baker2
1RCD of the Santa Monica Mountains, 540 S. Topanga Canyon Blvd., Topanga, CA 90290
2Stillwater Sciences, 895 Napa Avenue, Suite B4, Morro Bay, CA 93442
Abstract.—Long-term lifecyclemonitoring of federally endangered southern steelhead trout
(Oncorhynchus mykiss) in Topanga Creek provides a unique opportunity to examine the
health and abundance of a steelhead population before (2008–2011) and during (2012–
2016) a prolonged drought. We found that the five-year drought resulted in a substantial
and significant decline in available wetted habitat suitable for rearing and upstream migra-
tory access for anadromous adults. The response of the steelhead population has been a
significant reduction in anadromous spawning, distribution of rearing, and abundance of all
life stages of anadromous and resident steelhead. After five years of drought a population
that exceeded 325 individuals in 2008, now numbers fewer than 50 fish, and appears to be
at extremely high risk of extirpation. Acknowledging the possibility of increased drought
regionally and globally, the need to bolster southern steelhead resiliency to additional
disturbance is paramount.
Southern steelhead trout (Oncorhynchus mykiss) are an endangered species, with an estimated
population of less than 500 anadromous adults in California watersheds from Santa Barbara
County south to the Mexican Border (NMFS 2012). Adapted to an intrinsically high disturbance
environment, the life history trajectory of southern steelhead trout is extremely variable, and
includes both resident and anadromous fish (NMFS 2012). The two genetically indistinguishable
behavioral forms occur in the same watersheds in southern California, so this study refers to
both forms as O. mykiss, unless otherwise noted. Threats in this region are high from both
anthropogenic (fish passage barriers, habitat loss, water quality, etc.) and natural factors, like
drought and wildfires (NMFS 2012). In prolonged periods of drought, flows may become
insufficient to support upstream migration of adults from the ocean to freshwater spawning
habitat during winter, and to support downstream migration of juveniles during spring. Drought
conditions can impact juvenile rearing by preventing or restricting access to preferred habitats,
and direct mortality at all life stages can occur when low flows isolate fish in disconnected or
dewatered habitats, subjecting them to predation or stranding. Lower flows may also decrease
invertebrate production and drift, thus reducing available food supply and negatively affecting
growth (Harvey et al. 2006, Hakala and Hartman 2004, Canton et al. 1984). Despite the clear
mechanism by which drought can impact salmonid populations, there are few long-term studies
documenting the population level responses of salmonids to either direct or indirect effects of
prolonged drought (Matthews and Marsh-Matthews 2003).
Topanga Creek has been a focal creek for lifecycle monitoring of O. mykiss since 2008. The
small population occupying the creek was extirpated for almost 20 years between the drought of
the late 1970’s and re-establishment in 1998 (Bell et al. 2011a). The nine years of comprehensive
∗Corresponding author: rdagit@rcdsmm.org
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monitoring and analysis of abundance, distribution, habitat suitability, and growth since 2008
provides a unique opportunity to closely examine the changes in this population in response to
the recent California drought. In the Mediterranean winter-wet and summer-dry climate charac-
teristic of southern California, seasonal drying of stream reaches is common, particularly when
rainfall during the previous winter was normal or less than normal (Meixner and Wohlgemuth
2001, Dallas 2013). However, the recent five-year drought evolved from classification as ‘abnor-
mally dry’ in 2012, to ‘severe’ in 2013, ‘extreme’ in 2014, and increased to ‘exceptional drought’
for all of 2015–2016 in the Santa Monica Bay (US Drought Monitor 2016). For the purposes of
this study, “before drought” is classified as the period from 2008 through 2011, and the period
of “drought” is classified as 2012 through 2016. Here we examine how this multi-year drought
affected habitat conditions, abundance, and distribution for the Topanga Creek population of
O. mykiss.
Materials and Methods
Topanga Creek drains a 50 km2 coastal watershed into the Santa Monica Bay, entirely within
Los Angeles County. Approximately 37 km2 of the watershed is dedicated public open space,
and the remaining area is privately held land. Distances upstream from the ocean within Topanga
Creek are referred to as river kilometers (rkm). The study area (Fig. 1) extends from the ocean
at Topanga Beach (0 rkm) upstream to the natural limit of anadromy (5.3 rkm). This represents
both the current and documented range of O. mykiss from initial records in the 1930’s to present
in Topanga Creek. The study area is divided into two reaches. The lower reach (0–3.6 rkm)
has a gradient between 0–3% and is characterized by alluvial floodplain and mixed riffle, runs
and step pools, with 14 mid-channel pools that remained watered and with stable depth through
multiple years of drought up to 2016, when much of the reach dried down to subsurface flows
uninhabitable by O. mykiss. The upper reach (3.6–5.3 rkm) gradient ranges from 3–6%, with
16 boulder-dominated step pools, bedrock pools and mid-channel pools that remained wetted
throughout the study period. There are no tributaries in the watershed that can supportO. mykiss.
Long-term monitoring methods conducted in Topanga Creek have been previously described
in Bell et al. (2011b) and Dagit et al. (2015).1 Below we provide a summary of the key methods
applied in analysis of the observed effects of the recent drought on steelhead habitat quality and
population.
To characterize rainfall during the pre-drought and drought period, precipitationwasmeasured
by Los Angeles County Department of Public Works (LACDPW) gauge #318 located at the
Topanga Fire Station in the center of the watershed (Fig. 1). Data is summarized annually as
a water year (October 1 through September 30). Flow in Topanga Creek was recorded by a
Los Angeles County stream gauge (LACDPW F54C) located in the lower main stem at 3.6
rkm (Fig. 1). This gauge was intermittently functional during the study period due to low flows
and sediment buildup that isolated the gauge from the thalweg but was functional during high
flows. Therefore, flow monitoring in Topanga Creek was used to assess anadromous steelhead
migration opportunities that occur during high flows, but was not considered a reliable metric
for characterizing average or low flows.
To describe stream habitat within Topanga Creek before and during the drought, habitat
characteristic data including habitat type and river kilometer were measured and recorded
1
Dagit, R., K. Adamek, S. Albers, E.Montgomery, andA. Sanchez. 2015. Topanga Creek SteelheadMonitoring
March 2011–December 2014. Prepared for CDFW Contract No. P1050009. Available from: info@rcdsmm.org,
RCD of the Santa Monica Mountains, 540 S. Topanga Canyon Blvd., Topanga, CA.
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Fig. 1. Map of study reaches within the Topanga Creek study area (0–5.3 rkm)
during monthly surveys following the methods of Flosi and Reynolds (updated 2010). Pool
habitat unit area and volume were estimated based on pool length, width, and average water
depth measurements. Assessment of pool area and pool volume was conducted within 30 refuge
pools (described below) to assess trends. Habitat characterization also included documentation
of the proportion of dry habitat units. For analysis, data from the driest period of the year
(July through September) was assessed to represent the most critical conditions for rearing and
recruitment of young of the year O. mykiss.
To assess the abundance of O. mykiss within Topanga Creek before and during the drought,
snorkel surveys were conducted monthly within all wetted habitat in the study area. Numbers of
observed O. mykiss within individual habitat units were recorded for three size classes: young-
of-year (<10 cm fork length [FL]), juvenile (10–25 cm FL), and adult (>25 cm FL). Data on
redd location and size (length, width, depth, and substrate size) were recorded according to the
redd survey protocol developed by NMFS (2010).
Conditions during the snorkel surveys were highly variable, and the amount of wetted habitat
varied substantially as dry down occurred during the drought. To assess trends in observed
abundance independent of shifts in wetted habitat, a subset of 30 pools (14 in the lower reach, 16
in the upper reach) were selected for targeted monitoring. These pools were continuously wetted
3
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even during the driest conditions observed, with the exception of four pools in the lower reach
which experienced dry down in 2016. These 30 “refuge” pools were surveyed monthly for O.
mykiss observed abundance, and analyzed separately from the comprehensive snorkels surveys
(which included the entire study reach), to assess trends in observed abundance independent of
wetted habitat.
To assess growth rates and migration patterns of O. mykiss before and during drought, a
total of twelve Passive Integrated Transponders (PIT) tag mark-recapture events were held in
November of 2008–2016, and March of 2011–2013. During each event, all wetted habitat units
were sampled with one pass using two backpack electrofishers. Captured fish were anesthetized
with MS-222, scanned with a hand-held PIT tag reader, and fork length was measured to the
nearest millimeter with a wetted fish measuring board. New captures were also tagged before
being released upon recovery in their pool of capture. A more detailed description of these
methods is found in Dagit and Krug (2016).
Analysis consisted of exploring relationships between environmental descriptions of the
drought (rainfall, fraction of dry habitat units, pool volume, pool area), and population metrics
(observed abundance, spatial distribution) of O. mykiss before (2008–2011) and during drought
(2012–2016). Conditions were further assessed based on annual precipitation as well as precipi-
tation during the lowest-flow period of the year (average of the July, August, and September) for
each year. Abundance of O. mykiss of was based on redd counts, number of O. mykiss observed
in all units surveyed during monthly snorkel surveys, and by the subset of the population within
the 30 refuge pool units. Analyses were made using the average values of abundance across all
months of the calendar year, and average values for the lowest-flow period of the year (averaging
July, August, and September).
Results
Precipitation before drought averaged 54.56 cm (21.48′′), and was substantially higher than
the 25.12 cm (9.89′′) annual average during the drought (t-test; p< 0.01; Table 1). Consequently,
average pool area of the 30 refuge pools declined substantially in the drought period (t-test; p
< 0.01; Fig. 2), as did average pool volume (t-test; p < 0.05; Fig. 3). With the decline in
precipitation, the percentage of the study area that was dry July-September before drought
(32%) increased significantly (t-test; p < 0.05) during the drought 46%. The lower reach of
Topanga Creek (with corresponding lower gradient, 0–3.6 rkm) experienced seasonal dryness
to some extent in all years, but the drought increased the length (both spatially and temporally)
of low flow or sub-surface flow conditions (Fig. 4). The upper creek (upstream of 3.6 rkm) did
not have dry sections, but did experience lower pool volume and flow conditions in drought.
Drought and creek condition metrics were strongly correlated. Rainfall was a good predictor
of how long the seasonally dry sections would remain dry (R2 = 0.75, p= 0.006) as well as how
much of the reach would have dry patches (R2 = 0.76, p = 0.006) (Fig. 4). Some of the areas
that remained wetted were likely sustained by groundwater input from a variety of seeps and
springs located throughout that reach (Tobias2 2006). The frequency andmagnitude of high-flow
events declined during 2012–2016 (Fig. 5). From 2008–2016, the longest period of potential
anadromous migration (adults or smolts) was for two days in February 2010 and March 2011.
Between 2013 and 2016 there were fewer than five days total with sufficient flows (greater than
2
Tobias, V.D. 2006. Groundwater sources and their influence on the distribution of steelhead in Topanga Creek,
Topanga, California. Master’s thesis. University of Michigan, Ann Arbor.
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Table 1. Summary of environmental conditions and response of O. mykiss before drought (2008–2011) and
during drought (2012–2016) in Topanga Creek, California.
t-test (one-tailed, homoscedastic)
Before drought 2008–2011 Drought 2012–2016 p-value
Drought metrics
Jul-Sep dry (% of study area) 32 46 0.022*
Rainfall (inches) 21.48 9.89 0.007**
Jul-Sep pool area (m2) 5739.83 3973.01 0.008**
Jul -Sep pool volume (m3) 372185.08 278057.09 0.028*
Spawning activity
Redd counts 4.00 1.60 0.044*
Jul-Sep average abundance: study area
Young of the year (length ≤10 cm) 155.00 37.60 0.031*
Juvenile (length 10–25 cm 91.08 26.20 0.019*
Adult (length ≥25 cm) 17.58 8.40 0.006**
All 263.67 72.20 0.010*
Jul - Sep average abundance: thirty pools
Young of the year (length ≤10 cm) 52.63 12.60 0.038*
Juvenile (length 10–25 cm 45.04 14.33 0.012*
Adult (length ≥25 cm) 10.04 4.80 0.009**
All 107.71 31.73 0.006**
∗p < 0.05.
∗∗p < 0.01.
Fig. 2. Mean pool area within study area before (2008–2011) and during (2012–2016) drought in Topanga
Creek.
Fig. 3. Mean pool volume within study area before (2008–2011) and during (2012–2016) drought in Topanga
Creek.
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Fig. 4. Percentage of study area that was dry before (2008–2011) and during (2012–2016) drought in Topanga
Creek.
100 cfs mean daily flow) to connect habitat and provide anadromous fish passage for adults or
smolts (RCDSMM unpublished data).
The average number of observed O. mykiss in July through September significantly declined
from before drought (263 individuals) to drought years (72 individuals, t-test; p< 0.01) through-
out the study area (Table 1). Declines were significant for all age classes, most substantially for
adults, which declined from an average of 18 adults before drought, to eight adults on average
during the drought (t-test; p < 0.01). Fewer observations of O. mykiss during drought was also
apparent when analysis focused on the 30 refugia pools. There was a significant decline in
Fig. 5. Flow measurements in Topanga Creek during high flow events (cfs) at F54C-R. Provided by Los
Angeles County Department of Public Works.
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Fig. 6. Observed O. mykiss abundance in 30 refuge pools during July, August, and September surveys
compared to creek drying and annual rainfall.
observed abundance for all three age classes of trout combined (t-test; p < 0.01). Observed
abundance was negatively correlated with the fraction of dry units, and positively correlated
with annual rainfall, though neither correlation was statistically significant (Fig. 6). Overall, the
abundance of young-of-year O. mykiss was significantly lower during the drought (t-test; p <
0.038; Table 1). The total number of observed O. mykiss redds was low prior to the drought
(<5), and declined significantly during the drought (t-test, p < 0.05), with no redds observed
during 2015 or 2016. A single anadromous adult was observed each year of 2008, 2010, and
2012; but based on redd size and presence of few anadromous adults, the majority of redds were
produced by resident O. mykiss.
Distribution of O. mykiss in Topanga Creek was normally seasonally affected by low flow
barriers and impediments to migration before drought, but loss of surface flow measured during
7
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snorkel surveys expanded during the drought. From 2008–2011 many of the passage impedi-
ments were still passable by fishmoving downstream even under low flow conditions, however as
the drought continued, flows decreased and wetted habitat contracted making movement difficult
either up or downstream except during rain events. Overall, the remaining fish re-distributed to
the remaining available habitat as portions of the stream dried up. Thus, the number of habitat
units observed to be occupied by O. mykiss decreased substantially during the drought from an
average of 55 habitat locations before the drought to 33 habitat locations during the drought
(t-test; p < 0.01; Table 1). The distribution of redds also shifted upstream of 3.6 rkm as the dry
downs below 3.6 rkm expanded, concentrating them into remaining wetted habitat upstream.
Discussion
Seasonal droughts are a recurrent and defining feature of Mediterranean climate streams,
with predictable reductions in flows during the dry summer and fall months (Lake 2011).
Oncorhynchus mykiss populations are adapted to regular reductions in stream flows, and have
historically persisted and thrived within their southern range (NMFS 2012). However, the results
of this study indicate that a prolonged drought severely limited available habitat for O. mykiss,
with a subsequent negative impact on anadromous spawning, opportunity for smolt migration,
and total observed abundance of all life stages.
While the significant loss of surface flows and wetted available habitat reported in this study
have a direct impact on O. mykiss abundance, the synergistic ripple effects of other elements
associated with drought such as habitat type conversion, decreased water quality, potential
changes to stream thermodynamics, reduced abundance of benthic macro-invertebrate food
sources (Garcia et al. 2015, Matthews and Marsh-Matthews 2003, Montgomery et al. 2015)
also likely contributed to the significant decline in numbers of observed O. mykiss. Habitat type
conversion from runs to riffles, and riffles to patches of emergent vegetation, reduced available
suitable spawning, rearing and holding refugia (Resource Conservation District of the Santa
MonicaMountains (RCDSMM)unpublished data). Habitat qualitywas compromised by reduced
volume in the refugia pools. By August 2016, it was necessary for the California Department
of Fish and Wildlife (operating under a permit from National Marine Fisheries Service) to
relocate three individuals ranging in size from 10 – 30 cm FL due to stranding in evaporating
pools with dissolved oxygen levels below 2 mg/l (RCDSMM unpublished data). It appeared
that groundwater sources ameliorated the effect of reduced surface flows on water temperature
to some extent, such that maximum and average summer temperatures did not increase during
the drought (Montgomery et al. unpublished). However, the minimum temperatures steadily
rose during April and May over the drought years and eventually exceeded 15oC, the critical
threshold identified by Myrick and Cech (2005) for O. mykiss egg incubation and emergence.
Our results were not able to discern if this increase in minimum temperatures impacted egg
viability or spawning success, but few redds were observed, and fry production was severely
limited during the drought.
Previous research on the population of O. mykiss in Topanga Creek by Bell et al. (2011a)
focused on population factors that supported their long-term persistence in this small creek with
high disturbance regime. The conceptual model that resulted from this research suggested that
the most significant limiting factors for the population were associated with limited migration
opportunities for smolts to reach the ocean, and anadromous adults to return to the creek to
spawn (Bell et al. 2011a); both factors which are strongly affected by drought. In Topanga
Creek, rate of reproduction does not appear sufficient to seed available rearing habitat. Analysis
of age class response using July – September average values highlight the loss of young of the
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year and low recruitment as the drought intensified (Table 1). The lack of young of the year in
2011 appeared to be related to a strong storm event in March of that year when snorkel surveys
revealed that the numbers of smolt size O. mykiss dropped abruptly (RCDSMM unpublished
data). The small increase observed in 2015 reflects successful recruitment from three resident
redds found in 2014.
Because adult anadromous steelhead fecundity (usually >3,000 eggs per female) is much
greater than that of resident female O. mykiss (usually <1,000 eggs) (Moyle 2002), population
dynamics are potentially very different in years when anadromous individuals spawn versus
years in which only resident O. mykiss spawn. Therefore, one of the most significant effects of
the drought was likely the dramatic reduction in days when the lower reach of the study area
received sufficient flows to support anadromous migration. Consequently, during the drought
there was no anadromous spawning, as well as limited resident spawning, and thus very low
levels of fry production.
Lagoon conditions were not analyzed in this paper, but would have a strong influence on
the potential opportunities for anadromy as well. Topanga lagoon is currently 0.72 hectares of
wetted area constrained by fill banks on the east and west, with only a 24 m opening under the
Pacific Coast Highway bridge. There is little wetland vegetation and extremely limited instream
cover for fish. Lagoon rearing habitat for juvenileO. mykissmigrants preparing to smolt has been
demonstrated to be critically important for California coast steelhead populations. Significantly
higher growth rates and ocean survival by steelhead that reared in lagoons has been documented,
even with lagoon water temperatures as high as 24◦C (75◦F) (Smith 19903, Hayes et al. 2008,
Bond et al. 2008). Depending partly on growing conditions in their rearing habitat, steelhead
may migrate downstream to estuaries as age 0+ juveniles or may rear in streams for up to
four years before outmigrating to the estuary and ocean (Shapovalov and Taft 1954). Ocean
connectivity, as well as up and downstream movement were severely limited between the lagoon
and the creek, reducing the life history diversity to resident only individuals.
Food for O. mykiss in Topanga Creek documented before the drought by gastric lavage was
dominated by dipterans, tricoperans and baetids (Krug et al. 2012). There are numerous studies
that document the response of BMI communities to drought (Hall et al. 2016, Stillwater 2007).
In Topanga Creek Montgomery et al. (2015) found a significant shift from a baetid dominated
community to a chironomid dominated community in low rainfall years, with extremely low
numbers overall. Therefore, we expected to see a reduction in growth rates for the Topanga
Creek population during the drought. We observed that growth rates declined slightly during
the drought, but were not significantly different than those observed prior to drought conditions.
This suggests that even with more restricted habitat available, and a potentially different suite
of food organisms available, the fewer number of fish (and thus lower density) were still able to
find sufficient food and continue to grow.
Following the drought, the population in 2016 numbered fewer than 50 individuals, with
approximately 10 resident adults, and no anadromous spawning. These low numbers paired
with spatial isolation could potentially cause a severe genetic bottleneck in the population. A
severe reduction in, or extirpation of the Topanga Creek population has substantial implications
for the entire Southern California steelhead meta-population as well. Analysis indicates that
the O. mykiss in Topanga Creek are genetically distinct from other populations and have little
3
Smith, J. J. 1990. The effects of sandbar formation and inflows on aquatic habitat and fish utilization in
Pescadero, San Gregorio, Waddell and Pornponio Creek Estuary/Lagoon systems, 1985–1989. Dept. Bio. Sci.,
San Jose State University, San Jose, California.
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influence from historical hatchery introductions (RCDSMM unpublished data). The long-term
recovery of the southern California steelhead trout throughout their range relies on genetic
intermixing that is only possible with sufficient smolt production, and migration opportunities
in source watersheds (Boughton et al. 2006), especially since increased resiliency to climate
change may require specific genetic adaptations that could occur in independent populations
like Topanga Creek (NMFS 2016, Clemento et al. 2009). However, the loss of migratory
opportunity documented here in the 2012 to 2016 Topanga Creek O. mykiss because of drought
induced loss of habitat connectivity and population abundance prevents genetic mixing with the
meta-population.
Although it is challenging to assign the decline of O. mykiss relative abundance in Topanga
Creek solely to drought (i.e., overall numbers of individuals were low before the drought), it
is evident that the increased loss of habitat connectivity and migration opportunities poses a
substantial threat. This genetically distinct population segment possesses a unique diversity of
adaptations that has permitted them to survive the erratic and unpredictable climate conditions in
southern California for millennia, but the cumulative impact of both anthropogenic and natural
stressors has brought the population to the brink of extinction (NMFS 2012). The most recent
five-year drought highlights the tenuous condition of these small populations in coastal creeks,
with the decline in relative abundance observed in Topanga Creek being just one example.
This population blinked out in response to drought in the 1980’s (Bell et al. 2011b), but at that
time there were more straying anadromous adults to re-establish the population when habitat
connectivity was available. NMFS (2016) concluded that the drought has increased the threat
level to the already endangered population, and recommends the prevention of local extirpations
of steelhead populations. Restoring wetland function and habitat quality of the degraded lagoon
habitat in Topanga Creek watershed could potentially support O. mykiss recovery and resiliency
both locally and regionally by facilitating smolting and providing greater opportunity for fish
passage and anadromous recruitment.
Conclusions
Long-term monitoring of the Topanga Creek population of O. mykiss presented a unique
opportunity to assess the impacts of a prolonged five-year drought in a southern California
coastal stream. We found that below average rainfall during five years of drought resulted
in too few substantial flow events to provide habitat connectivity and support anadromy. The
proportion of wetted habitat significantly declined, as did the total number of habitat units
available to support O. mykiss. No anadromous spawning occurred and resident spawning also
significantly decreased during the drought period. Abundance of all life-stages of O. mykiss in
Topanga Creek significantly declined throughout the study reach and within monitored refuge
pools, but growth rates of individuals in those pools declined only slightly. Continuedmonitoring
of the Topanga Creek population is highly recommended to further clarify the long term impacts
of the drought, and/or to monitor the recovery of the population from this chronic disturbance.
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